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(57) ABSTRACT

A phase change memory device includes a plurality of bit
lines and a reference bit line 1intersecting a plurality of word
lines. A cell array block has a phase change resistance cell

arranged where a word line and a bit line intersect. A refer-
ence cell array block 1s configured to output a reference
current and 1s formed where the word line and a reference bit
line 1ntersect. A column selecting unit 1s configured to select
a corresponding bit line connected to the cell array block. A
reference column selecting unit 1s connected to the reference
cell array block and 1s configured to select the reference bit
line. A sense amplifier 1s connected to the column selecting
unmit and the reference column selecting unit and 1s configured
to receive the reference current and a cell data current of the
bit line.
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PHASE CHANGE MEMORY DEVICE WITH
REFERENCE CELL ARRAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to Korean Patent
Application No. 10-2007-738351 filed on Jul. 24, 2007, which
1s incorporated herein by reference in 1ts entirety.

BACKGROUND OF THE INVENTION

The present invention relates generally to a phase change
memory device, and more particularly to a nonvolatile
memory device utilizing phase change resistors and reference
cells with improved stability of a reference current and an
improved offset characteristic of a sense amplifier.

A nonvolatile memory device 1s capable of conserving data
even when the power of a device 1s turned off. Examples of
nonvolatile memory include a magnetic memory and a phase
change memory (PCM). These examples have a data process-
ing speed similar to that of a volatile Random Access Memory
(RAM) and can conserve data even after the power 1s turned
off.

FIGS. 1a and 15 are diagrams illustrating a conventional
phase change resistor (PCR) 4.

The PCR 4 comprises a phase change matenial (PCM) 2
interposed between a top electrode 1 and a bottom electrode
3. When a voltage and a current are transmitted through the
device, a high temperature 1s generated 1n the PCM 2 so that
an electric conductive state 1s changed depending on a change
in resistance occurring due to the applied high temperature.
The PCM 2 includes Agl.nSbTe. The PCM 2 includes a
chalcogenide having chalcogen elements (S, Se, Te) as amain
ingredient, and more specifically the PCM 2 includes a ger-
manium antimonic tellurium consisting of Ge—Sb—Te.

FIGS. 2a and 26 are diagrams illustrating the operating
principles of the conventional PCR 4.

As shown in FIG. 24, the PCM 2 can be crystallized when
a low current of less than a threshold value flows 1n the PCR
4. The crystallized PCM2 has a low resistance.

As shown 1 FIG. 26, the PCM 2 becomes amorphous
when a high current of more than a threshold value flows 1n
the PCR 4, since at this time the temperature applied to the
PCM 2 1s greater than 1ts melting point. The amorphous PCM
2 has a high resistance.

Using this phenomenon, the PCR 4 can be configured to
store nonvolatile data corresponding to the two different
resistance states. For example, data logic value “1” corre-
sponds to the crystallized PCR 4 (low resistance state), and
data logic value “0” corresponds to the amorphous PCR 4
(high resistance state), and accordingly the logic states of the
data can be stored using the PCR 4.

FIG. 3 1s a diagram illustrating the write operation of a
conventional phase change resistance cell.

Heat 1s generated when current flows between the top
clectrode 1 and the bottom electrode 3 of the PCR 4 for a
given amount of time. As a result, the state of the PCM 2
changes to a crystalline state or an amorphous state depend-
ing on the temperature resulting from the current flowing
between the top electrode 1 and the bottom electrode 3.

For example, when a low current tlows for a given time, the
PCM 2 becomes crystalline due to a low temperature heating
state, and thus the PCR 4 1s at a low resistance state (set state).
Conversely, when a high current flows for a given time, the
PCM 2 becomes amorphous due to a high temperature heat-
ing state, and thus the PCR 4 1s at a high resistance state (reset
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2

state). The difference between the two phases 1s determined
based on the change 1n electric resistance.

In the PCR 4, the low voltage required for changing the
phase change material to a crystalline state must be applied to
the PCR 4 for a long period of time 1n order to write the set
state 1n a write mode. Conversely, the high voltage required
for changed the PCM 2 to an amorphous state need only be
applied to the PCR 4 for a short time 1n order to write the reset
state 1n the write mode.

However, phase change memory devices are not without
problems. When the reference voltage of a phase change
memory device having a phase change resistor 1s not effec-
tively controlled the sensing efficiency of a sense amplifier 1s
degraded. As such, the reference current 1s unstable and the
accuracy and the offset characteristic of the sense amplifier
are degraded causing deterioration in the data sensing margin
and yield of a chip.

SUMMARY

The present invention includes a phase change memory
device solving the above described problems.

An embodiment of the present invention provides
improved stability and accuracy of reference currents using a
reference cell array 1n a phase change memory device includ-
ing a phase change resistor.

Additionally, an embodiment of the present invention pro-
vides improved sensing elliciency of a sense amplifier using
a reference cell array having the same timing delay element 1n
a phase change memory device including a phase change
resistor.

Additionally, an embodiment of the present invention
improves the offset characteristic of a sense amplifier 1n a
phase change memory device including a phase change resis-
tor.

According to one embodiment, a phase change memory
device comprises: a cell array block comprising one or more
phase change resistance cells, each phase change resistance
cell being formed at an intersection of one or more word lines
and one or more bit lines; a reference cell array block config-
ured to output a reference current, reference cell array block
comprising one or more reference cells, each reference cell
being formed at an intersection of a word line and a reference
bit line; a column selecting unit connected to each of the one
or more bit lines of the cell array block and configured to
select one or more of the one or more bit lines connected to the
cell array block; a reference column selecting unit connected
to the reference cell array block and configured to select the
reference bit line; and a sense amplifier connected to the
column selecting unit and the reference column selecting unit
and amplifying according to the reference current of the ret-
erence cell array block and a cell data current of a bit line
selected by the column selecting unait.

According to two embodiment a phase change memory
device comprising: a plurality of cell array blocks, each cell
array block comprising one or more phase change resistance
cells formed at an intersection of a word line and a bit line; a
plurality of column selecting units, each column selecting
unit being connected to one of the cell array blocks and being
configured to select one or more of the one or more bit lines
connected to the one cell array block; a single reference cell
array block configured to output a reference current, the ret-
erence cell array block comprising one or more reference
cells, each reference cell being formed at an 1ntersection of a
word line and a reference bit line; a reference column select-
ing unit connected to the reference bit line of the single
reference cell array block and configured to select the refer-
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ence bit line; and a plurality of sense amplifiers, each sense
amplifier being connected to one of the column selecting
units and the single reference column selecting unit, and each
sense amplifier amplifying according to the reference current
of the single reference cell array block and a cell data current
of a bit line selected by the column selecting unit. According
to three embodiment a phase change memory device com-
prising: a plurality of cell array blocks, each cell array block
comprising one or more phase change resistance cells formed
at an 1ntersection of a word line and a bit line; a plurality of
column selecting units, each column selecting unit being
connected to one of the cell array blocks and being configured
to select one or more of the one or more bit lines of the
connected cell array block; a plurality of reference cell array
blocks each reference cell array block corresponding to one
of the cell array blocks, wherein each reference cell array
block 1s configured to output a reference current and each
reference cell array block comprises one or more reference
cells, each reference cell being formed at an intersection of a
word line and a reference bit line; a plurality of reference
column selecting units, each reference column selecting unit
being connected to one of the reference cell array blocks and
being configured to select the reference bit line of the con-
nected reference cell array block; and a plurality of sense
amplifiers, each sense amplifier being connected to one of the
column selecting units and the corresponding reference col-
umn selecting unit, and each sense amplifier amplifying
according to the reference current of the reference bit line and
a cell data current of a bit line selected by the column select-
ing unit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1a and 15 are diagrams illustrating a conventional
phase change resistor.

FIGS. 2a and 2b are diagrams illustrating an operating
principle of the conventional phase change resistor shown in
FIGS. 1a and 15.

FIG. 3 1s a diagram 1illustrating the write operation of a
conventional phase change resistance cell.

FIG. 4 1s a circuit diagram showing a phase change
memory device according to an embodiment of the present
invention.

FIG. 5 1s a circuit diagram showing a phase change
memory device according to an embodiment of the present
invention.

FI1G. 6 15 a block diagram showing a phase memory device
according to an embodiment of the present invention.

FI1G. 7 1s a block diagram showing a phase change memory
device according to an embodiment of the present invention.

FIG. 8 1s a diagram shown for 1llustrating relationship of a
set resistance, a reset resistance, and a reference resistance of
a phase change memory device according to an embodiment
ol the present 1nvention.

FIG. 9 1s a diagram shown for 1llustrating the relationship
of read currents of a phase change memory device according
to an embodiment of the present ivention.

FI1G. 10 1s a circuit diagram showing an embodiment of the
sense amplifier of FI1G. 4.

FIG. 11 1s a diagram showing another embodiment of the
sense amplifier of FI1G. 4.

FI1G. 12 1s a diagram showing another embodiment of the
sense amplifier of FI1G. 4.

FIG. 13 1s a wavelorm diagram shown for illustrating the
amplifying units of the sense amplifier shown 1n FIG. 10.
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4

FIG. 14 1s a timing diagram shown for illustrating the
operating voltage of the sense amplifier of FI1G. 10.

DESCRIPTION OF SPECIFIC EMBODIMENTS

FIG. 4 1s a circuit diagram showing a phase change
memory device according to an embodiment of the present
invention.

The phase change memory device of FIG. 4 comprises a
reference cell array block 100, a cell array block 200, a
reference column selecting unit 300, a column selecting unit
400, a reference resistor Rref, a sense amplifier S/A, and a
write driving unit W/D.

The cell array block 200 includes a plurality of bit lines
BL0~BL2 arranged 1n the column direction and a plurality of
word lines WL0~WL3 arranged 1n the row direction. The cell
array block 200 includes a plurality of unit cells C arranged
where the bit lines BL0~BL2 and the word lines WL0~WL3
intersect. The unit cell C includes a phase change resistor
PCR and a diode D. The diode D includes a PN diode element.

One electrode of the phase change resistor PCR 1s con-
nected to the bit line BL, and the other electrode 1s connected
to the P-type region of the diode D. The N-type region of the
diode D 1s connected to the word line WL. When writing data,
the phase of the phase change resistor PCR changed depend-
ing on whether the set current Iset or the reset current Ireset 1s
flowing 1n the bit line BL.

The reference cell array block 100 includes a reference bit
line RBL arranged 1n the column direction and the word lines
WLO0~WL3 arranged in the row direction. The reference cell
array block 100 includes reference switches RSW arranged
where the reference bit line RBL and the word lines
WL0~WL3 intersect.

The reference switch RSW, which has a cell selecting

switch element, includes a PN diode element. The reference
bit line RBL 1s commonly used by the plurality of bit lines
BLO~BL2.
The reference switch RSW has a P-type region connected
to the reference bit line RBL and an N-type region connected
to the word line WL. A reference current Iref flows through
the reference bit line RBL.

The reference column selecting unit 300 includes a refer-
ence column switch connected between the reference bit line
RBL and the reference resistor Rref. The reference column

switch has a gate that receives a reference column selecting
signal REFCS. The reference column switch includes an
NMOS transistor N1. The reference resistor Rref 1s used for
flowing the reference current Iref and 1s connected between
the NMOS transistor N1 and a reference node Nref.

Each bit line BL of the cell array block 200 1s connected to
the column selecting unit 400. The column selecting unit 400
includes a plurality of column switches. Each column switch
1s connected between one of the bit lines BLO~BL2 and a
node Nbl, and each column switch has a gate that receives one
of a plurality of column selecting signals CS_0~CS_2. The
column switches include NMOS transistors N2~N4.

The sense amplifier S/A senses cell data transmitted
through the node Nbl and the reference node Nref to distin-
guish a logic data “1”” from a logic data “0”. The write driving
unmit W/D supplies a driving voltage corresponding to write
data to the node Nbl when data 1s to be written 1n a cell.

When in read mode, a low voltage level 1s transmitted to the
selected word line WL, and a read voltage Vread is transmit-
ted to the bit line BL. The sense amplifier S/A amplifies data
the set current Iset (or reset current Ireset) tlowing in the word
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line WL and the reference current Iref flowing in the reference
cell through the bit line BL, the phase change resistor PCR,

and the diode D.

FIG. 5 1s a diagram showing a phase change memory
device according to an embodiment of the invention.

The phase change memory device comprises a reference
cell array block 100, a cell array block 200, a reference
column selecting unit 300, a column selecting unit 400, a
reference resistor Rref, a sense amplifier S/A, and a write
driving unit W/D.

The cell array block 200 1ncludes a plurality of bit lines
BL0~BL2 arranged 1n the column direction and a plurality of
word lines WL0~WL3 arranged 1n the row direction. The cell
array block 200 includes a plurality of unit cells C arranged
where the bit lines BL0~BL2 and the word lines WL0~WL3
intersect. The unit cell C includes a phase change resistor
PCR and a diode D. The diode D includes a PN diode element.

One electrode of the phase change resistor PCR 1s con-
nected to the bit line BL, and the other electrode 1s connected
to the P-type region of the diode D. The N-type region of the
diode D 1s connected to the word line WL. When writing data,
the phase of the phase change resistor PCR 1s changed
depending on whether the set current Iset or the reset current
Ireset 1s tlowing 1n the bit line BL.

The reference cell array block 100 includes a reference bit
line RBL arranged 1n the column direction and the word lines
WLO0~WL3 arranged in the row direction. The reference cell
array block 100 includes a plurality of unit reference cells RC
arranged where the reference bit line RBL and the word lines
WL0~WL3 intersect. The unit reference cell RC includes a
phase change resistor PCR and a reference switch RSW. The
reference switch RSW, which has a cell selecting switch
element, includes a PN diode element.

One electrode of the phase change resistor PCR of the unit
reference cell RC 1s connected to the reference bit line RBL,
and the other electrode 1s connected to the P-type region of the
reference switch RSW. The N-type region of the reference
switch RSW 1s connected to the word line WL. A reference
current Iref flows through the reference bit line RBL. A com-
mon reference bit line RBL 1s used for each of the plurality of

bit lines BLLO~BIL.2.

The reference column selecting unit 300 includes a refer-
ence column switch connected between the reference bit line
RBL and the reference resistor Rref. The reference column
switch has a gate that receives a reference column selecting
signal REFCS. The reference column switch includes a
NMOS transistor N1. The reference resistor Rref 1s used for
flowing the reference current Iref and 1s connected between
the NMOS transistor N1 and a reference node Nref.

Each bit line BL of the cell array block 200 1s connected to
the column selecting unit 400. The column selecting unit 400
includes a plurality of column switches. Each column switch
1s connected between one of the bit lines BL0~BL2 and a
node Nbl, and each column switch has a gate that receives one
of a plurality of column selecting signals CS_0~CS_2. The
column switches include NMOS transistors N2~N4.

The sense amplifier S/A senses cell data transmitted
through the node Nbl and the reference node Nref to distin-
guish a logic data “1” from a logic data “0”. The write driving
unit W/D supplies a driving voltage corresponding to write
data to the node Nbl when data 1s to be written 1n a cell.

When 1n read mode, a low voltage level 1s transmitted to the
selected word line WL, and a read voltage Vread is transmit-
ted to the bit line BL. The sense amplifier S/A amplifies data
the set current Iset (or reset current Ireset) tlowing in the word
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line WL and the reference current Iref flowing in the reference
cell through the bit line BL, the phase change resistor PCR,
and the diode D.

FIG. 6 1s a block diagram showing a phase memory device
according to an embodiment of the present invention.

The phase change memory device comprises a reference
cell array block 100, a plurality of cell array blocks
200_0~200_2, a reference column selecting unit 300, a plu-
rality of column selecting units 400_0~400_2, a plurality of
reference resistors Rreif0~Rrel2, a sense amplifier S/A, and a
write driving unit W/D.

Thereference column selecting unit 300 1s connected to the
reference cell array block 100 and disposed 1n a lower region
ol the reference cell array block 100. The reference column
selecting unit 300 and the reference resistors Rref0~Rrei2 are
arranged at one reference cell array block 100. Each of the
column selecting units 400_0~400_2 1s connected to one of
the cell array blocks 200_0~200_2. Fach column selecting
unmt 400_0~400_2 1s arranged in the lower region of the
respective one of the cell array blocks 200_0~200_2.

The reference column selecting unit 300 1s connected to
reference nodes Nref0~Nref2 through the reference resistors
Rretf0~Rref2. The reference resistors Rref0~Rref2 are con-
nected between the reference column selecting unit 300 and
the corresponding reference nodes Nretf0~Nref2. Each of the
reference nodes Nref0~Nrel2 1s connected to one of the sense
amplifiers S/A and the write driving units W/D. Each of the
column selecting units 400_0~400_2 1s connected to one of
the nodes Nbl0~Nbl2.

The sense amplifier S/A(0) 1s connected to the node Nbl0
and the reference node Nrefl. The sense amplifier S/A(1) 1s
connected to the node Nbl1 and the reference node Nretl. The
sense amplifier S/A(2) 1s connected to the node Nbl2 and the
reference node Nref2.

FIG. 7 1s a diagram showing a phase change memory
device according to another embodiment of the present inven-
tion.

The phase change memory shown 1n FIG. 7 device com-
prises a plurality of reference cell array blocks 100_0~100_2,
a plurality of cell array blocks 200_0~200_2, a plurality of
reference column selecting units 300_0~300_2, a plurality of
column selecting units 400_0~400_2, and a plurality of ret-
erence resistors Rref0~Rref2.

The each of the reference column selecting units
300_0~300_2 1s connected to one of the reference cell array
blocks 100_0~100_2 (i.e. the reference column selecting
units and the reference cell array blocks are connected one by
one), and the reference column selecting units 300_0~300_2
are located under the reference cell array blocks
100_0~100_2. The column selecting units 400_0~400_2 are
connected one by one to the cell array blocks 200_0~200_2,
and the column selecting umts 400_0~400_2 are arranged
under the cell array blocks 200_0~200_2, respectively.

The retference cell array blocks 100_0~100_2 are disposed
at one side of the cell array blocks 2000~200_2. The reference
cell array blocks 100_0~100_2 are connected one by one to
the cell array blocks 200_0~200_2 (1.e., each reference cell
array block 100_0~100_2 corresponds to one of the cell array
blocks 200_0~200_2) and thus the number of reference cell
array blocks 1s equal to the number of cell array blocks. Each
of the reference column selecting units 300_0~300_2 15 dis-
posed at one side of one of the column selecting units
400_0~400_2. The reference column selecting units
300_0~300_2 are connected one by one to the column select-
ing units 400_0~400_2, and thus the number of reference
column selecting units 1s equal to the number of column
selecting units.




US 8,243,504 B2

7

The reference column selecting units 300_0~300_2 are
connected to corresponding reference nodes NrefO~Nref2
through the reference resistors Rref0~Rref2. The reference
resistors Rret(0~Rref2 are connected between the reference
column selecting units 300_0~300_2 and the reference nodes
Nretf0~Nrei2, respectively.

FEach of the reference nodes Nref()~Nret2 1s connected to
one of the plurality of sense amplifiers S/A(0)~S/A(2) and the
plurality of write driving units W/D. The column selecting,
units 400_0~400_2 are connected one by one to nodes

Nbl0~Nb]i2.

The reference node Nretl corresponds to the node Nbl0
and 1s connected to the sense amplifier S/A(0). The reference
node Nrefl corresponds to the node Nbl1 and 1s connected to
the sense amplifier S/A(1), and the reference node Nreif2

corresponds to the node Nbl2 and 1s connected to the sense
amplifier S/A(2).

FIG. 8 1s a diagram shown for 1llustrating the relationship
of a set resistance, a reset resistance, and a reference resis-
tance of a phase change memory device according to an
embodiment of the present invention.

Asshownin FIG. 8, the set resistance Rset of the bit line BLL
(a resistance when the phase change layer has a crystalline
phase) has a value smaller than that of the reference resistor
Rref, and the reset resistance Rreset (a resistance when the
phase change layer has an amorphous phase) of the bit line BLL
has a value larger than that of the reference resistor Rref.

FIG. 9 1s a diagram shown for 1llustrating the relationship
of read currents of a phase change memory according to an
embodiment of the present invention.

As shown 1n FIG. 9, the set current Iset (read current)
flowing through the bit line BL has a value higher than that of
the reference current Iref, and the reset current Ireset (read
current) tlowing through the bit line BL has a value lower than
that of the reference current Iref.

FIG. 10 1s a circuit diagram showing the sense amplifier
S/A of FIG. 4.

The sense amplifier S/ A includes an equalizing unit 500, an
amplifyving unit 510, a pull-up unit 520, an amplifying unit
530, an amplifying activation control unit 540, a current sense
load unit 550, and a bias control unit 560.

The equalizing unit 300 includes PMOS transistors P1~P3.
The PMOS ftransistor P1 1s connected between a power volt-
age VDD terminal and an output terminal OUT. The PMOS
transistor P2 1s connected between the power voltage VDD
terminal and an output terminal /OUT. The PMOS transistor
P3 1s connected between the output terminals OUT, /OUT.
The PMOS transistors P1~P3 have a common gate receiving
a sense amplifier enable signal SEN.

The amplitying unit 310 includes PMOS transistors P4, P35
and NMOS transistors N5, N6. The PMOS transistors P4, P5
are cross-coupled with the NMOS transistors N5, N6. A
source/drain of the PMOS transistor P4 and the NMOS tran-

sistor NS are connected to the output terminal OUT, and a
source/drain of the PMOS transistor P5 and the NMOS tran-

sistor N6 1s connected to the output terminal /OUT

The pull-up unit 520 includes a PMOS transistor P6. The
PMOS transistor P6 1s connected between a node Nsabl and a
node Nsaref and has a gate that recerves the sense amplifier
enable signal SEN. The node Nsabl 1s connected to the
NMOS transistor N5, and the node Nsaret 1s connected to the
NMOS transistor N6

The amplifying unit 530 includes NMOS transistors N7,
N8. The NMOS transistor N7 1s connected between the node
Nsabl and an NMOS transistor N9 and has a gate connected to
anode Nbl 2. The NMOS transistor N8 1s connected between
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the node Nsaref and the NMOS transistor N9 and has a gate
receiving a reference voltage Nrel 2.

The amplifying activation control unit 540 includes the
NMOS transistor N9. The NMOS transistor N9 1s connected
between the amplifying unit 330 and a ground voltage GND
terminal and has a gate receiving the sense amplifier enable
signal SEN.

The current sense load unit 350 includes load resistors
Rloadl, Rload2. The load resistor Rloadl 1s connected
between the power voltage VDD terminal and the node
Nbl 2. The load resistor Rload2 is connected between the
power voltage VDD terminal and the node Nref_ 2.

The bias control unit 560 includes NMOS transistors N10,
N11. The NMOS transistor N10 1s connected between the
node Nbl_2 and the node Nbl, and the gate of the NMOS
transistor N10 recerves a clamp voltage VCLMP. The NMOS
transistor N11 1s connected between the node Nref 2 and the
node Nref, and the gate of the NMOS transistor N11 receives
the clamp voltage VCLMP.

FIG. 11 15 a diagram showing another embodiment of the
sense amplifier of FI1G. 4.

The sense amplifier S/A shown in FIG. 11 includes an
equalizing unit 600, an amplitying unit 610, a pull-up unit
620, an amplifying unit 630, an amplifying activation control
unit 640, a current sense load unit 650 and a bias control unit
660.

The equalizing unit 600 includes PMOS transistors P7~P9.
The PMOS transistor P7 1s connected between a power volt-
age VDD terminal and an output terminal OUT. The PMOS
transistor P8 1s connected between the power voltage VDD
terminal and an output terminal /OUT. The PMOS transistor
P9 1s connected between the output terminals OUT, /OUT.
The PMOS transistors P7~P9 have a common gate receiving

a sense amplifier enable signal SEN.
The amplitying unit 610 includes PMOS ftransistors P10,

P11 and NMOS transistors N12, N13. The PMOS transistors
P10, P11 are cross-coupled with the NMOS transistors N12,
N13. A source/drain of the PMOS transistor P10 and the
NMOS transistor N12 are connected to the output terminal
OUT, and a source/drain of the PMOS transistor P11 and the
NMOS transistor N13 are connected to the output terminal
/OUT.

The pull-up unit 620 includes PMOS transistors P12~P14.
The PMOS transistor P12 1s connected between the power
voltage VDD terminal and a node Nsabl, and the gate of the
PMOS transistor P12 receives the sense amplifier enable sig-
nal SEN. The PMOS transistor P14 1s connected between the
power voltage VDD terminal and a node Nsaref, and the gate
of the PMOS ftransistor P14 receives the sense amplifier
enable signal SEN. The PMOS transistor P13 1s connected
between the node Nsabl and the node Nsaret, and the gate of
the PMOS transistor P13 receives the sense amplifier enable

signal SEN.

The amplifying unit 630 includes NMOS transistors N14,
N15. The NMOS ftransistor N14 1s connected between the
node Nsabl and an NMOS transistor N16, and the gate of the
NMOS transistor N14 1s connected to a node Nbl 2. The
NMOS transistor N15 1s connected between the node Nsaref
and the NMOS transistor N16, and the gate of the NMOS
transistor N15 receives a reference voltage Nref_ 2.

The amplifying activation control unit 640 includes the
NMOS ftransistor N16. The NMOS transistor N16 1s con-
nected between the amplifying unit 630 and a ground voltage
GND terminal, and the gate of the NMOS transistor N16
receives the sense amplifier enable signal SEN.

The current sense load unit 650 includes PMOS transistors

P15, P16. The PMOS transistor P15 1s connected between the
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power voltage VDD terminal and the node Nbl_2, and the
gate of the PMOS transistor P15 receiwves a load voltage
Vload. The PMOS transistor P16 1s connected between the
power voltage VDD terminal and the node Nref_ 2, and the
gate of the PMOS ftransistor P16 receives the load voltage
Vload.

The bias control unit 660 includes NMOS transistors N17,
N18. The NMOS ftransistor N17 1s connected between the
node Nbl_2 and the node Nbl, and the gate of the NMOS
transistor N17 receives a clamp voltage VCLMP. The NMOS
transistor N18 1s connected between the node Nref 2 and the
node Nret, and the gate of the NMOS transistor N18 receives
the clamp voltage VCLMP.

FIG. 12 1s a circuit diagram showing another embodiment
ol the sense amplifier S/A of FIG. 4.

The sense amplifier S/A of FIG. 4 includes an equalizing,
unit 700, an amplitying unit 710, a pull-up unit 720, an
amplifying unit 730, an amplifying activation control unit
740, a current sense load unit 750, and a bias control unit 760.

The equalizing unit 700 includes PMOS transistors
P17~P19. The PMOS transistor P17 1s connected between a
power voltage VDD terminal and an output terminal OUT.
The PMOS transistor P18 1s connected between the power
voltage VDD terminal and an output terminal /OUT. The
PMOS transistor P19 is connected between the output termi-
nals OUT, /OUT. The PMOS transistors P17~P19 have a
common gate recerving a sense amplifier enable signal SEN.

The amplifying unit 710 includes PMOS transistors P20,
P21 and NMOS transistors N19, N20. The PMOS transistors
P20, P21 are cross-coupled with the NMOS transistors N19,
N20. A source/drain of the PMOS transistor P10 and the
NMOS transistor N12 are connected to the output terminal
OUT, and a source/drain of the PMOS transistor P11 and the

NMOS transistor N13 are connected to the output terminal
/OUT.

The pull-up unit 720 includes PMOS transistor P22~P24.
The PMOS transistor P22 1s connected between the power
voltage VDD terminal and a node Nsabl, and the gate of the
PMOS transistor P22 recerves the sense amplifier enable sig-
nal SEN. The PMOS transistor 24 1s connected between the
power voltage VDD terminal and a node Nsarel, and the gate
of the PMOS transistor P24 receives the sense amplifier
enable signal SEN. The PMOS transistor P23 connected
between the node Nsabl and the node Nsaref, and the gate of
the PMOS transistor P23 receives the sense amplifier enable
signal SEN.

The amplifying unit 730 includes NMOS transistors N21,
N22. The NMOS transistor N21 1s connected between the
node Nsabl and an NMOS transistor N23, and the gate of the
NMOS transistor N21 1s connected to a node Nbl 2. The
NMOS transistor N22 1s connected between the node Nsaref
and the NMOS transistor N23, and the gate of the NMOS
transistor N22 receives a reference voltage Nref_ 2.

The amplifying activation control unit 740 includes the
NMOS transistor N23. The NMOS transistor N23 1s con-
nected between the amplifying unit 730 and a ground voltage
GND terminal, and the gate of the NMOS transistor N23
receives the sense amplifier enable signal SEN.

The current sense load unit 750 includes load resistors
Rload3, Rload4. The load resistor Rload3 1s connected
between the power voltage VDD terminal and the node
Nbl 2. The load resistor Rload4 i1s connected between the
power voltage VDD terminal and the node Nrei_ 2.

The bias control unit 760 includes NMOS transistors N24,
N25. The NMOS transistor N24 1s connected between the
node Nbl_2 and the node Nbl, and the gate of the NMOS
transistor N24 receives a clamp voltage VCLMP. The NMOS
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transistor N25 1s connected between the node Nref 2 and the
node Nret, and the gate of the NMOS transistor N25 receives

the clamp voltage VCLMP.

FIG. 13 1s a wavelorm diagram shown for illustrating the
first and second amplifying units 510, 530 of the sense ampli-
fier shown 1n FIG. 10.

When the clamp voltage VCLMP rises to a certain level,
the NMOS transistors N10, N11 are turned on to transmit a
data current Idata of the bit line BL. to the node Nbl and a
reference current Iref of the reference bit line to the node Nref.
As can be gathered from FIG. 10, the gate voltage of the
NMOS transistors N10, N11 1s controlled by the clamp volt-

age VCLMP.
The current sense load unit 550 includes the load resistors

Rloadl, Rload2. A current of the bit line BL. and the reference

bit line 1s converted 1nto sensing voltage values 1n the nodes
Nbl_2, Nret_2 according to the load values of the load resis-

tors Rload1, Rload?2.

The amplilying activation control unit 540 1s controlled by
the sense amplifier enable signal SEN. The amplilying units
510, 530 are activated depending on the activation state of the
amplifying activation control unit 540. The amplifying unit
530 amplifies values of the node Nbl_2 and the reference
voltage Nref_ 2 with the gain of the NMOS transistors N7, N8.

Both ends of the nodes Nsabl, Nsaref are precharged to a
high level during a precharge period according to the opera-
tion of the pull-up units 520 operation. The precharging pro-
cess improves the first amplitying characteristic of the sense
amplifier S/A. This improvement 1s shown, 1n that 1s during a
period t1, both ends of the nodes Nsabl, Nsaref are pulled
down to have an amplified voltage value. The voltage ampli-
fied 1n the amplitying unit 330 1s transmitted to the amplifying
unit 310, thereby improving a second amplifying character-
istic of the sense amplifier S/A.

The amplifying unit 510 amplifies the gain of the amplify-
ing unit 530 to improve the offset characteristic of the sense
amplifier S/A. The equalizing unit 500 precharges the output
signal of the amplitying unit 510 to a high level during the
precharge period.

FIG. 14 15 a timing diagram shown for 1llustrating an oper-
ating voltage of the sense amplifier of FIG. 10. FIG. 14 also
shows the timing diagram of a current sensing operation of a
data “1”” and a data “0” in two read cycles.

In read cycle n, when a column selecting signal CS and the
reference column selecting signal REFCS are activated, the
data current Idata and the reference current Iref of the cell
start to flow. After a predetermined time, the sense amplifier
enable signal SEN is activated and the voltage of the output
terminals OUT, /OUT 1s amplified. The data current Idata 1s
larger than the reference current Iref; and therefore, the output
terminal OUT 1s outputted at a high level, and the output
terminal /OUT 1s outputted at a low level.

Inread cycle n+1, when the column selecting signal CS and
the reference column selecting signal REFCS are activated,
the data current Idata and the reference current Iref of the cell
start to tlow. After a predetermined time, the sense amplifier
enable signal SEN 1s activated, and the voltage of the output
terminals OUT, /OUT 1s amplified. The data current Idata 1s
smaller than the reference current Iref, and theretore, the
output terminal OUT 1s outputted at a low level and the output
terminal /OUT 1s outputted at a high level.

As described above, a phase change memory device
according to an embodiment of the present invention
improves the stability and accuracy of reference currents
using a reference cell array 1in a phase change memory device
having phase change resistors.
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The phase change memory device also improves the sens-
ing eiliciency of a sense amplifier using a reference cell array
having the same timing delay element in a phase change
memory device having phase change resistors.

Additionally, the phase change memory device improves
the ofifset characteristic of a sense amplifier in a phase change
memory device having phase change resistors.

Although a number of illustrative embodiments consistent
with the invention have been described, 1t should be under-
stood that numerous other modifications and embodiments
can be devised by those skilled in the art that fall within the
spirit and scope of the principles of this disclosure. Particu-
larly, numerous variations and modifications are possible 1n
the component parts and/or arrangements which are within
the scope of the disclosure, drawings, and the accompanying
claims. In addition to vanations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

What 1s claimed 1s:

1. A phase change memory device comprising:

a cell array block comprising one or more phase change
resistance cells, each phase change resistance cell being
formed at an intersection of one or more word lines and
one or more bit lines:

areference cell array block configured to output a reference
current, the reference cell array block comprising one or
more reference cells, each reference cell being formed at
an intersection of a word line and a reference bit line;

a column selecting unit connected to each of the one or
more bit lines of the cell array block and configured to
select one or more of the one or more bit lines connected
to the cell array block;

a reference column selecting unit connected to the refer-
ence bit line of the reference cell array block and con-
figured to select the reference bit line; and

a sense amplifier connected to the column selecting unit
and the reference column selecting umit and amplifying
according to the reference current of the reference cell
array block and a cell data current of a bit line selected by
the column selecting unit.

2. The phase change memory device according to claim 1,
turther comprising a reference resistor connected to the ret-
erence bit line between the reference column selecting unit
and the sense amplifier.

3. The phase change memory device according to claim 1,
wherein each of the one or more phase change resistance cells
comprise:

a phase change resistor configured to store data corre-
sponding to a phase change, wherein the phase change
occurs depending on the level of a current applied to the
phase change resistor; and

a diode element connected between the phase change resis-
tor and the corresponding word line.

4. The phase change memory device according to claim 1,
wherein each of the one or more reference cells comprises
diode elements connected between the reference bit line and
a word line.

5. The phase change memory device according to claim 4,
wherein the reference cell array block further comprises a
phase change resistor configured to store data corresponding,
to a phase change occurring depending on the current flowing,
through the phase change resistor.

6. The phase change memory device according to claim 4,
wherein the diode element 1s a PN diode having a P-type
region connected to the reference bit line and a N-type region
connected to the word line.
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7. The phase change memory device according to claim 1,
wherein the column selecting unit comprises one or more
column selecting switches, wherein one of the column select-
ing switches 1s connected between each of the one or more bit
lines and the sense amplifier and each column selecting
switch 1s controlled by a column selecting signal.

8. The phase change memory device according to claim 7,
wherein the column selecting switch comprises an NMOS
transistor.

9. The phase change memory device according to claim 1,
wherein the reference column selecting unit comprises a col-
umn selecting switch connected between the reference bit
line and the sense amplifier and controlled by a reference
column selecting signal.

10. The phase change memory device according to claim 9,
wherein the reference column selecting switch comprises an
NMOS transistor.

11. The phase change memory device according to claim 1,
wherein a single sense amplifier 1s shared by the one or more
bit lines.

12. The phase change memory device according to claim 1,
wherein a reset resistance value of the bit line 1s larger than a
reference resistance and a set resistance 1s smaller than the
reference resistance.

13. The phase change memory device according to claim 1,
wherein a reset current flowing in the bit line 1s smaller than
the reference current and a set current 1s larger than the
reference current.

14. The phase change memory device according to claim 1,
wherein the sense amplifier comprises:

an equalizing unit configured to precharge an output ter-
minal of the sense amplifier during a precharge period;

an amplifying unit configured to amplity a voltage of the
output terminal according to voltage levels of a bit line
voltage terminal and a reference voltage terminal;

a pull-up unit configured to perform a pull up operation on
input nodes of the amplifying unit during the precharge
period;

an amplitying activation control unit configured to control
activation of the amplifying unit 1n response to a sense
amplifier enable signal;

a current sense load unit configured to convert the cell data
current and the reference current into voltage levels of a
bit line node and a reference node; and

a bias control unit configured to control the reference cur-
rent and the cell data current according to a clamp volt-
age.

15. The phase change memory device according to claim

14, wherein the amplifying unit comprises:

a first amplilying unit configured to amplify voltages ol the
bit line node and the reference node; and

a second amplifying unit configured to amplity a voltage of
the first amplifying unit.

16. The phase change memory device according to claim
14, wherein the pull-up unit comprises a first PMOS transistor
connected between the input nodes, wherein a gate of the first
PMOS transistor receives the sense amplifier enable signal.

17. The phase change memory device according to claim
16, wherein the pull-up unit further comprises:

a second PMOS transistor connected between a power
voltage terminal and the bit line node, wherein a gate of
the second PMOS transistor receives the sense amplifier
enable signal; and

a third PMOS ftransistor connected between the power
voltage terminal and the reference node, wherein a gate
of the third PMOS transistor receives the sense amplifier
enable signal.
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18. The phase change memory device according to claim
14, wherein the current sense load unit comprises:

a first load resistor connected between a power voltage
terminal and the bit line node; and

a second load resistor connected between the power volt-
age terminal and the reference node.

19. The phase change memory device according to claim

14, wherein the current sense load unit comprises:

a Tourth transistor connected between a power voltage ter-
minal and the bit line node and having a gate recerving a
load voltage; and

a fifth transistor connected between the power voltage ter-
minal and the reference node and having a gate receiving
the load voltage.

20. A phase change memory device comprising:

a plurality of cell array blocks, each cell array block com-
prising one or more phase change resistance cells
formed at an intersection of a word line and a bit line;

a plurality of column selecting units, each column selecting
unmit being connected to one of the cell array blocks and
being configured to select one or more of the one or more
bit lines connected to the one cell array block;

a single reference cell array block configured to output a
reference current, the reference cell array block com-
prising one or more reference cells, each reference cell
being formed at an intersection of a word line and a
reference bit line;

a reference column selecting unit connected to the refer-
ence bit line of the single reference cell array block and
configured to select the reference bit line; and

a plurality of sense amplifiers, each sense amplifier being
connected to one of the column selecting units and the
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single reference column selecting unit, and each sense
amplifier amplifying according to the reference current
of the single reference cell array block and a cell data
current of a bit line selected by the column selecting unat.

21. A phase change memory device comprising:

a plurality of cell array blocks, each cell array block com-
prising one or more phase change resistance cells
formed at an intersection of a word line and a bit line;

a plurality of column selecting units, each column selecting,
unit being connected to one of the cell array blocks and
being configured to select one or more of the one or more
bit lines of the connected cell array block;

a plurality of reference cell array blocks each reference cell
array block corresponding to one of the cell array blocks,
wherein each reference cell array block 1s configured to
output a reference current and each reference cell array
block comprises one or more reference cells, each ref-
erence cell being formed at an intersection of a word line
and a reference bit line;

a plurality of reference column selecting units, each refer-
ence column selecting unit being connected to one of the
reference cell array blocks and being configured to
select the reference bit line of the connected reference
cell array block; and

a plurality of sense amplifiers, each sense amplifier being
connected to one of the column selecting units and the
corresponding reference column selecting unit, and each
sense amplifier amplifying according to the reference
current of the reference bit line and a cell data current of
a bit line selected by the column selecting unait.
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